In this paper, the shock and vibration control effectiveness of the systems based on the magnetorheological (MR) energy absorber (EA) with an internal bypass is investigated and compared with a conventional MREA with an identical volume, the MREA with an internal bypass at passive-on state, and a passive EA based systems. The mechanical model of the single-degree-of-freedom (SDOF) shock and vibration control systems using these four EAs is constructed and the governing equation for the SDOF system is derived. A skyhook control algorithm is used to validate the shock and vibration control performance of the systems. The control performances of the systems under shock loads due to vertical impulses (the maximal initial velocity is as high as 10 m/s) and sinusoidal vibrations are evaluated, compared, and analyzed. The research results indicate that compared to the other three systems, the MREA with an internal bypass based system provides much better vibration control performance, and for the vertical shock control, the MREA with an internal bypass based system requires the shortest settling time to reach steady state and needs shortest travelling stroke.
INTRODUCTION
Magnetorheological (MR) fluids, which are a typical "smart material" with reversible, rapid, and continuous rheological properties, have attracted a lot of attention during the past two decades. 1, 2 MR fluid-based actuators and their semi-active control systems are usually employed to absorb or dissipate unwanted energy, such as vibration suppression 3-7 and highspeed shock mitigation. [8] [9] [10] [11] Figure 1 presents the schematic of a semi-active shock and vibration control system based on MR energy absorbers (MREAs). Figure 1 shows that the shock and vibration excitations to the plant, such as commercial-offthe-shelf equipment, occupants on a seat suspension of a helicopter or a ground vehicle, gun recoil, and even the crashworthiness systems, could be mitigated or controlled by using the semi-active control system based on MREAs. The control performance of this control system is mainly dependent on two key units, as seen from Fig. 1, (i) the system controller and the MREA controller, i.e., the control strategy for the feedback control system, and (ii) the damping force performance of the MREA, including the damping force range, dynamic range, and the constant stroking load velocity range. 12 MREAs and the theory of MREAs were only proposed for low-speed applications for a long time, such as vibration con- trol, 13-17 due to their limited damping force performance, especially the dynamic range. 8, 11, 12 The conventional MREAs with bobbin-in-piston could improve its dynamic range by sacrificing the damping force range, 12 but the efficiency of the magnetic circuit is restricted because of the MR fluid flow gap increment. 18 Bai et al. proposed a novel MREA with an internal bypass 11 in order to optimize the damping force performance of the MREA. From their research results, including the finite element analysis (FEA) validation of the principle of the magnetic circuit as well as the experimental tests of the MREA with an internal bypass, the damping force range, the dynamic range, and the constant stroking load velocity range of the MREA can be optimized significantly by an "internal
